1) ranges from marine to salinities higher than 60 psu at the southern terminus 118 (Walker 1985) . Additionally, tidal exchanges within tropical Cygnet Bay can be as 119 large as 10 m resulting in an extremely variable intertidal environment. Local 120 gradients such as these, along with the geographic scope of Western Australia, 121 represent a unique opportunity to advance the understanding of marine phenolic 122 compound distribution on continental scales. 123
124
In this study, we quantified phenolic compounds of dominant brown seaweeds in 125 Western Australia and investigated potential relationships of phenolic concentrations 126 to environmental conditions among taxa across broad and fine spatial scales 127 throughout coastal Western Australia. We specifically aimed to answer the following 128 paradoxum was also collected at three sites within temperate Port Gregory ranging 163 from 1.5 -11.0 m depth (Table 1) . At the intertidal study location of tropical Cygnet 164
Bay, the tidal range is up to 10 m creating a large and dynamic intertidal zone. 165
Hormophysa cuneiformis and Turbinaria gracilis were collected at four high intertidal 166 sites within Cygnet Bay (Table 1) . 167
168

Environmental parameters 169
Abiotic environmental conditions for each of the seven study locations across 170 nearshore Western Australia were gathered from MODIS Aqua at 4 km resolution 171 from seasonal composites averaged over the sampling period (March -May 2015) 172 (Table 3) . Using QGIS we extracted data for diffuse light attenuation (at 490nm using 173 the KD2 algorithm), daytime sea surface temperature (SST), photosynthetically 174 
Statistical Analysis 206
All statistical analyses were run using R Studio (R Core Team 2012). Average 207 phenolic concentration of the macroalgae at each study location was calculated as the 208 mean of all species collected at each location. Phenolic concentration data were 209 fourth-root transformed to pass the assumptions of normality and homogeneity of 210 variance with a Cochran's Test prior to analysis. To test for differences in phenolicconcentrations of the study location averages, we used a 2-way nested analysis of 212 variance (ANOVA) with collection site nested within study location followed by 213
Tukey's HSD post-hoc tests (Table 4) . Differences in phenolic concentrations among 214
algal families and locations were tested with a 2-way ANOVA with species nested 215 within location and family (Table 4) . Differences in phenolic concentrations for 216 individual species collected at multiple locations were tested with one-way ANOVAs 217 with location as the fixed factor (Table 5) . 218
219
We investigated relationships between environmental conditions and phenolic 220 concentrations with a multiple linear regression analysis. We considered Cygnet Bay, 221 the only high intertidal lagoon study location, ecologically different from the other six 222 study locations for the purpose of this analysis and excluded it from the regression 223 models. We assessed the importance of predictor environmental conditions on 224 phenolic concentration with a multiple regression analysis that included: chlorophyll-225 a, diffuse attenuation, PAR, salinity and SST. The contribution of each factor to the 226 regression model was reported with partial eta-squared (η 2 ) values ( 
RESULTS
235
Phenolic concentrations of seaweeds in this study ranged from 0.25 ± 0.03 % to 10.99 236 ± 2.63 % of dry weight (Table 2) . Of the 46 species collected, 32 were low-phenolic 237 species (< 2 % DM, Steinberg 1989) and 14 were high-phenolic species (> 2 % DM, 238
Steinberg 1989). The majority of high-phenolic species were found in the temperate 239 locations. Only three species with phenolic concentrations higher than 2 % were 240 present in tropical study locations; Hormophysa cuneiformis, Padina sp. and 241
Turbinaria gracilis collected in Cygnet Bay (Table 2) . (Table 3 ). The salinity range among sample sites in Shark Bay, however, was 35.0 -297
298 299
The multiple regression model found relationships between phenolic concentration 300 averages of study locations (excluding Cygnet Bay) as well as individual species 301 phenolic concentrations. A strong relationship was found between average phenolic 302 concentrations and environmental variation across study locations (multiple 303 regression; r2 = 0.57, P < 0.001) (Table 6a ). Mean phenolic concentrations of 304 macroalgae across all study locations were positively correlated to salinity (η 2 = 0.15) 305 and negatively correlated to PAR (η 2 = 0.18). Similarly, phenolic concentrations of 306 the Dictyotaceae and Sargassaceae were positively correlated to salinity (η 2 = 0.14 307 and η 2 = 0.21, respectively) and negatively with PAR (η 2 = 0.11 and η 2 = 0.27, 308 respectively) (Table 6b ). While phenolic concentrations of S. trinodis were negatively 309 related to PAR (ηattenuation (η 2 < 0.001 and η 2 < 0.001, respectively) and positively related to SST (η 2 312 < 0.001 and η 2 < 0.001, respectively) (Table 6c) . (Table 6c ). Phenolic concentration 319 differences among sites were not related to depth in temperate Jurien Bay or Port 320
Gregory. We found no relationship between phenolic concentration and depth in E. 321 radiata in Jurien Bay or S. paradoxum in Port Gregory (1.5 -11.5m depths) and 322
Jurien Bay (3 -10 m depths) (Table 6) . 323
324
DISCUSSION 325
In this study, we investigated latitudinal and environmental relationships to soluble 326 phenolic concentrations in a range of brown seaweeds along the coast of Western 327
Australia spanning 17 degrees of latitude. Macroalgal phenolic concentrations in 328
Western Australia were variable across multiple spatial scales and among taxa ( Table  329 2). In this study macroalgal phenolic compounds were found in higher concentrations 330 at higher latitudes and in some groups were also correlated to associated gradients in 331 The multiple regression models highlighted patterns of environmental factors likely to 357 be important influences on phenolic compound distribution in brown seaweeds. There 358 were significant positive relationships between seaweed phenolic concentrations and 359 salinity across study locations of Western Australia (Table 6a) as well as a subset ofindividual species (Table 6b) . High salinity can cause oxidative stress in seaweeds and 361 phenolic compounds act as antioxidative compounds to combat the elevated 362 production of reactive oxygen species (Pedersen 1984, Ragan and (Table 6c) Table 2) . A 380 few macroalgal species (H. cuneiformis and S. trinodis) were found at multiple 381 locations while all but two species were restricted to either temperate or tropical study 382 locations. Despite limited species continuity, the geographic scope of this project 383 highlighted the differences in distribution of phenolic compounds across temperate 
